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SEMICONDUCTOR EXHAUST GAS TREATMENT 

This invention relates to the treatment (scrubbing) of semiconductor exhaust gases 
and, more particularly, to the treatment of fluorine or fluorine containing exhaust 
gases. 

The utilisation of, or generation of, fluorine in certain semiconductor processes has 
become increasingly, common in recent years. However, fluorine is a very toxic 
substance, being an aggressive oxidising agent and having a threshold limiting value 
(TL V) of 1ppm. 



Attempts to scrub fluorine with ambient temperature water - primarily to form 
hydrogen fluoride (HF) - have generally not been successful in that fluorine reaction 
rates with water are relatively slow and usually result in a high emission rate from the 

wet ". -j 

Alter; X - ";.y© been made to improve the efficiency of the wet scrubbing process, for 
example the dosing of the scrubber with sodium hydroxide (NaOH) or potassium 
hydroxide (KOH) but, although this produced a greater fluorine abatement, resulted 
in a very high conversion of the fluorine to oxygen difluoride (OF 2 ) which is a very 
toxic by-product . • 

As a further example, ammonia - both in gaseous form and as ammonium hydroxide 
- has been used as additions to the water scrubber. However, whilst a reduction in 
the fluorine content was found, the formation of ammonium fluoride occurs which is 
emitted in the form of a fine fume from the scrubber. 

There is therefore a need for an improved method/apparatus in which fluorine can be 
treated more'efficiently and effectively so as to meet the increasingly stringent 
regulations regarding its disposal. 
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In accordance with the invention, there is provided a method of scrubbing fluorine 
which comprises contacting the fluorine with water at a temperature of at least 30°C. 
Preferably, the temperature of the water is from 40°C to 80°C. Heating of the water 
can be effected by traditional methods including immersion heaters within a hot 
.sump in the scrubbing apparatus or on-line heaters in to the pumped flows. 

The water may be in the form of water vapour (or steam) with the fluorine and steam 
being admixed in the process. 

In a preferred e mbodiment, the process of the invention can include a hot stage and 
a cold stage. In the hot stage, the fluorine gas will preferentially react with the hot 
water but will tend to saturate the gas flow, in the subsequent second stage, there 
can be an effective removal of gases such as ammonia and, in reducing the gas 
temperature, will cause a reduction in the entrained water vapour. 

It is generally' known that, where silane is present in the exhaust gas, the prbvv ; «n / 

an air dilution stage is useful to prevent fire/explosion which is normally added to * • # ' 

inlet of a wet scrubber. However, this practice can be shown to reduce the capacity 

of the wet scrubber because it increases the volumetric flow rate and reduces the 

contact time in the scrubber of the gas(es) to be treated. 

It has been found with the process of the invention in particular, that treating the 
silane by addition of air after the wet scrubbing stage allows for a lower mass flow 
and higher contact time for the fluorine. A much higher mass of added air can 
therefore be included in the silane flow to ensure the safe oxidation of the silane and 
minimisation of the temperature rise resulting from the oxidation. 

For a better understanding of the invention, reference will now be made, by way of 
exemplification only, to the accompanying drawing which shows in schematic form 
apparatus for carrying out the process of the invention. 
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With reference to the drawing, apparatus of the invention comprises a body 1 having 
in the base thereof a water tank 2 divided in to two parts 3, 4 by means of a 
separator 5. 

The part 3 acts as a water sump and is adapted to hold cold water, for example at 
15°C, and the part 4 also acts as a water sump and is adapted to hold hot water, for 
example at 50°C to 70°C. The tank 2 possesses electrical heater and control means 
(not shown) to maintain the water at these temperatures. 

Situated above the tank 2 within the body 1 is a two part packed tower, the lower 

part 6 and an upper part 7, the proprietary packings of which provide distribution 
channels in each part for the flow of water therethrough (and in good contact 
therewith) independent of the other part including channels to allow the water to be 
returned to the tank 2. 

Two pumps 8 and 9 are provided to pump water from v;;\ r-tv ^v^r.Vz-m part 3 and 
from the hot water tank part 4 respectively in to the distributer flannels of the upper 
packed tower part 7 and distribution channels of the packed tower part 6 
respectively. ... 

An inlet 1 G is -provided In the body 1 for the -entry of an -exhaust- gas stream-in- to the - 
body 1 . The inlet 10 is adapted by means not shown to provide a combined 
aqueous liquor and nitrogen gas "curtain" in water to prevent any particulate 
blockage and/or liquor back-streaming towards the chamber in which the 
semiconductor processing is occurring. 

An outlet 1 1 is also provided in the body 1 for the exiting of gas stream from the 
body 1 . 
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A pipe 12 links the outlet 1 1 with a cyclone 13 in to which the gas stream flows. Any 
pyrophoric gas in the stream, for example silane, will be oxidised or heavily diluted 
with air provided by an air blower 14 depending on the silane concentration in the 
gas stream. Any particulates formed during oxidation (silicon in the case of silane) 
can be collected at the base of the cyclone 13 (and if appropriate drained in to the 
tank 2 via the tube 15) with the treated exhaust gases exiting from the cyclone 13 via 
the tube 16. 

In use of the apparatus shown in the drawing, an exhaust gas stream is pumped 

from the semiconductor processing chamber (not shown) by means of one or more 

vacuum pumps (not shown) in to the inlet 10 and thence in to the lower part 6 of the 
packed tower where it contacts the hot water pumped through the distribution 
channels formed in the packings thereof by means of the pump 8. 

The distribution channels in tho ir^^y -r<~ tynlrthat the exhaust gas steam can then 
enter the distribution channel :>:-r^ \?>rc*< :f:ft? of the tower when it contacts the 
cold water pumped therethrough^; ' r^-ns of the pump 9. 

The main purpose . of the lower part. 6 of the packed tower is for the removal of 
fluorine by contact with the hot water and of any particulates entrained in the stream. 
The-remaining-^gases in the- stream then -pass in-to-t-he upper-part-7- of-the-paeked' ■ - 
tower where residual gases including ammonia are scrubbed by contact with the cold 
water. 

The resulting gases then pass to the cyclone 13 for treatment as described above. 
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